Introduction
Fish of the genus Pempheris are one of the most abun dant species in rocky and coral areas, specifically in the Indo-Pacific Ocean and western Atlantic Ocean com prising21 recognized species (Nelson, 2006) . Pempheris species school in caves or crevices during the day and swim out to open water at night to prey primarily on zooplankton (Fishelson et al., 1971; Gladfelter, 1979; Golani and Diamant, 1991; Fishelson and Sharon, 1997; Platell and Potter, 1999; Platell and Potter, 2001; Annese and Kingsford, 2005; Sazima et al., 2005) . Golani and Diamant (1991) showed that the spawning season of P. vanicolensis (Cuvier, 1831) is from April to September in the Mediterranean Sea and throughout the year in the Red Sea. However, they did not conduct his tological research, and little is known about the life history of Pempheris species in the Pacific Ocean.
Recently, two Japanese new recorded species, P. oualensis (Cuvier, 1831) ''Yumehatampo'' in Japanese name and P. vanicolensis ''Kibirehatampo'' in Japanese name, were collected (Koeda et al., 2010 a; Koeda et al., 2010 b) from Okinawa Island and Iriomote Island, respec tively. Additionally, another unknown Pempheris species ( Fig. 1 ) was recorded in Okinawan water. This species (Pempheris sp.) was clearly distinguished from other Pempherid species by its number of pored lateral-line scales (54-62), scale rows above the lateral line (4 1/2), and other taxonomic characters (Koeda et al., unpublished data) . Therefore, authors will report this species as un described species in the near future. This species named ''Ryukyuhatampo'' in Japanese name, and is abundant in the coral reef areas around Okinawa Island and makes mixed schools with P. schwenkii Bleeker, 1855 . The ob jectives of the present study were to reveal reproductive traits such as spawning season, first maturation size, batch fecundity, and spawning interval to clarify a part of the Reproductive biology of nocturnal reef fish Pempheris sp.
(Pempherididae) in Okinawa Island, Japan lifecycle of Pempheris sp. in Okinawan waters.
Materials and Methods
Specimens were caught using a trammel net (mesh size: The spawning interval was calculated from the number of spawnable ovaries, i.e., ovaries from late yolk globule to mature stages, divided by the number of hydrated ovaries (Demartini and Fountain, 1981) . Sampling period was separated to 4 periods of time, such as morning (sun rise to 12:00), afternoon (12:00 to 15:00), sunset (15:00 to sunset), and night (sunset to sunrise).
Only specimens collected from sunset, which was estimated as the possible spawning time, were used for calculating the spawning interval. Only mature-stage ovaries were used for batch fecundity estimates. Ovarian walls were removed and 100.0 mg of oocytes were weighed to the nearest 0.1 mg. Then, hydrated oocytes larger than 700 µm were counted and the batch fecundity (BF) was calculated using the following formula. The samples were taken five times, the highest and lowest data were excluded, and the remaining samples were averaged.
BF＝GW / SW×NMO
where SW is the sample weight, and NMO is the num ber of oocytes larger than 700 µm in the sample.
Results

Oogenesis
Perinucleolus stage (Fig. 3a) The oocytes in this stage ranged from 16.5 to 122.8 µm (mean±SD: 70.1±25.0 µm; Table 2 ). The cytoplasm gradually increased in volume and became deeply stained with hematoxylin early in this stage, and it was less reactive to hematoxylin later in this stage. The GSI of the females in this stage ranged from 0.01 to 1.28 (mean± SD: 0.45±0.30; Table 2 ). (Fig. 3b) The oocytes ranged from 158.9 to 326.5 µm (222.4±
Yolk vesicle stage
45.2 µm; Table 2 ). Small yolk globules occurred on the periphery of the cytoplasm and increased in volume and number centripetally as the oocyte grew. The GSI of the females in this stage ranged from 0.45 to 1.45 (0.90± 0.30; Table 2 ).
Early yolk globule stage (Fig. 3c) The oocytes ranged from 256.2 to 441.5 µm in size (344.2±39.8 µm; Table 2 ). Yolk globules became ap parent among the yolk vesicles, forming a layer on the periphery of the cytoplasm. This stage coincided with the primary yolk globule stage in Shirafuji et al. (2007) . The GSI of the females in this stage ranged from 1.10 to 1.93
(1.33±0.27; Table 2 ).
Late yolk globule stage (Fig. 3d) The oocytes ranged from 402.6 to 656.8 µm in size (518.8±66.6 µm; Table 2 ). The yolk globules rapidly increased in volume and number throughout the cytoplasm and the yolk vesicles increased against the periphery to form a layer. Ovaries with more developed late yolk globule oocytes were considered to be mature. This stage includes both secondary and tertiary yolk globule stages in Shirafuji et al. (2007) . The GSI of the females in this stage ranged from 0.63 to 5.84 (2.67±1.43; Table 2 ). (Fig. 3e) The oocytes ranged from 419.7 to 889.7 µm in size (678.5±93.3 µm; Table 2 ). The nucleus began to move from the center to the animal pole. The yolk globules started to fuse. Oil globules appeared throughout the cyto Table 1 Number of individuals and standard length (mean±SD) according to sampling site and sampling gear.
Migratory nucleus stage
plasm. The GSI of the females in this stage ranged from 1.94 to 4.98 (3.36±1.20; Table 2 ). (Fig. 3f) The oocytes ranged from 450.0 to 827.3 µm (707.6± 117.1 µm; Table 2 ). The yolk globules coalesced further.
Pre-maturation stage
The oil globules started to fuse and increased in volume and number. The GSI of the females in this stage ranged from 1.11 to 4.31 (2.72±1.60; Table 2 ). (Fig. 3g) The oocytes ranged from 681.2 to 1195.3 µm (926.8 ±114.5 µm; Table 2 ). The oocyte became translucent with the coalescence of the yolk globules and the hydration of the cytoplasm. The GSI of the females in this stage ranged from 2.02 to 13.23 (6.87±3.06; Table 2 ).
Maturation stage
Seasonal changes in ovarian maturation
Monthly changes of GSI, water temperature, and day length are shown in Fig. 4 . Mature females (GSI＞2.0) were observed throughout the year, except for January.
The GSIs from April to June were significantly higher than other months (oneway ANOVA: p＜0.01). In April, the GSI rapidly increased with increasing water tempera tures and day length. However in July, the GSI rapidly decreased with the increase in water temperature to 26℃ and the decrease in day length.
Monthly changes in the maturational stage of ovaries are shown in Fig. 5 . Mature females appeared through the year, except for September. The frequency of mature fe males gradually increased from February to June. Hy drated ovaries appeared in February to August, October, and December. Postovulatory follicles were observed in March, April, June to August, and November (Fig. 3h) .
High GSI values, mature females, and postovulatory fol licles were observed during several lunar days (Fig. 6 ).
Maturation size, spawning time, and spawning interval
The first appearance of mature females was at 111.1 mm SL (GSI＝2.64; Fig. 7 ). In males, the first appearance of high GSI fish occurred at 114.8 mm SL (GSI＝1.74).
The frequency of hydrated ovaries and mature females gradually increased with the time of the day and was highest in sunset period (Fig. 8) . However, the percentage of mature females rapidly decreased, and hydrated ovaries were not observed after sunset. The spawning interval was calculated as ca. 2 days.
Batch fecundity
The months with batch fecundities with high GSI values (April to June) were calculated as 2,935-18,621 
Discussion
The spawning interval of this species was about two days, and spawning was not related to the lunar cycle.
Most coral reef fish spawn according to the lunar cycle (Johannes, 1978; Doherty, 1983; Takemura et al., 2004 a; Takemura et al., 2004 b; Nanami et al. 2010) . The spawn ing pattern of this species has previously been reported in a few coral reef fish, such as butterfly fish (Ralston, 1981) .
A relatively high ratio of hydrated ovaries appeared in fish collected before sunset, and hydrated ovaries were not observed during the night. These facts suggest that Pempheris sp. spawn just after sunset. Several studies suggest nocturnal migration of the fish in this family; some Pempheris species emerge in open water from the diurnal shelter, and a high amount of fish gather 15 to 45 minutes after sunset (Fishelson et al., 1971; Gladfelter, 1979; Golani and Diamant, 1991) . Therefore, nighttime observation during the main spawning season is necessary to demonstrate the exact spawning time of this species. These characteristics, such as the short spawning interval, the spawn timing apparently unaffected by the lunar day, and spawning just after sunset, may be common reproductive traits of nocturnal fish. However, it is necessary to clarify the reproductive characteristics of other nocturnal fish.
The gonadosomatic index and the presence of mature females gradually increased from April to June and were low after July. Additionally, the appearance of mature females and postovulatory follicles suggests that the main spawning season of Pempheris sp. was April to June, but it seems that spawning occurred throughout the year in Okinawan waters. However, batch fecundity was higher in the main spawning season than in other spawning sea sons. In this study, the smallest sizes of mature females and males were ca.110.0 mm SL in both sexes, and the age of these specimens were 2 years old based on otolith ob servation (Koeda et al. unpublished data) . These repro ductive characteristics are significantly different from those of Pempheris schwenkii, which makes mixed schools with Pempheris sp. (Koeda et al., unpublished data) . This fact indicates that it is necessary to clarify the reproductive traits of other Pempherid species to understand the life cycle strategies of this genus.
